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INTRODUCTION 
The first experiments recorded in the literature on the physiological 
effects of high frequency fields are those of Gosset,  Gutmann, Lak- 
hovsky, and Magrou (1924). 1  They found that plant tumors in the 
geranium caused  by  innoculation with Bacterium tumefaciens were 
successfully treated by exposure to the field of a  2 meter oscillator. 
However, the details of the method of exposure are lacking. 
In 1926 J. W. Schereschewsky  published a report on the temperature 
rise and killing times in mice when exposed to high frequency electro- 
static fields.  *  From these experiments he concluded that the 6 meter 
wave would be the most valuable for further experiments on pathologi- 
cal tissue.  At this point it should be emphasized that this conclusion 
was based on data taken at low potential gradients.  Two years later 
Dr. Schereschewsky published data  3 on experiments with a  strain of 
mouse sarcoma known as the Crocker Research Laboratory's No. 180 
and the Rous fowl sarcoma.  He used a 6 meter wave and a high poten- 
tial gradient across the affected tissue.*  The results were very encour- 
aging and led other investigators into the field. 
Christie and Loomis,  4 in an investigation of the heating effects in 
mice placed in fields of the same order of intensity as those used in 
Schereschewsk)~'s first experiments, showed that  the rate of rise of 
temperature in a ~/20 saline solution was practically the same in the 
body of a live or dead mouse for wave-lengths down to 6 meters, but 
that from 6 to 2 meters the tissue heated less rapidly than the saline 
• This latter  I  infer from the experimental arrangement. 
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solution and that the killing time was roughly proportional to the rate 
of rise of the temperature.  They also made the first rate-of-tempera- 
ture-rise wave-length curve.  However, they used  constant  current 
through the condenser instead of constant voltage on the plates  of 
the condenser. 
An investigation into the effect of high frequency fields on Parame- 
cium caudatum was reported in 1929 by Kahler, Chakley and Voegtlin.  ~ 
Their data indicated that for both magnetic and electrostatic fields 
the lethal effect was roughly proportional to the rise in temperature 
whether the solution was heated by high frequency fields or hot water 
bath.  The voltage across the  condenser was not measured but  in 
both cases (magnetic or electrostatic fields) the field intensities were 
evidently of low value. 
PRELIMINARY  WORK 
During the  summer of  1929  the author,  while a  student of Dr. 
Hoag at the University of Chicago, made some preliminary observa- 
tions with apparatus  similar  to  that  used by Christie and Loomis. 
However, in addition to measuring the current through the condenser 
the voltage on one of the plates was measured with an electrostatic 
voltmeter.  The  potential  gradients were of low  value  (about  the 
same order as used on the mice).  The ordinary equation connecting 
power loss (P) with voltage (V) and current  (I)  (i.e., P  =  KVI)  was 
applied.  P  was taken as the rate of temperature rise.  V was the 
value of voltage found by observing the 60 cycle voltage necessary to 
produce the same deflection of the electroscope.  /" was the current 
as measured by a  thermocouple and microammeter calibrated at  a 
frequency of 7.5  ×  106 cycles per second (40 m.), and connected in the 
circuit 3 or 4  cm. below the lower  condenser plate.  The curve ob- 
tained is shown in Fig. 1. 
The maximum voltage obtainable at 3 meters was only 60 volts,  so, 
taking into account the spacing of the condenser plates and the thick- 
ness of the glass in the cell, the potential gradient in the solution could 
not  have  been  more  than  30  volts  per  centimeter.  The  current 
measurement at the lower wave-lengths was in error due to skin effect 
in the thermocouple.  For instance, using the standard A.C. resistance 
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temperature in a No. 40 manganin wire at a  frequency of S X  107 and 
10  ×  107 respectively, it was found that at the  higher frequency a 
current of 0.9 ampere should show the same deflection as 1 ampere at 
the lower frequency.  However, this correction would not account for 
a significant part of the decrease in the value of K below the frequency 
of approximately 5  ×  105 cycles. 
This decrease in absorption (rate of temperature rise) below 6 meters 
is hard to reconcile with the theoretical and experimental work on 
anomalous dispersion and absorption  at  radio  frequencies that  has 
been advanced by Debye and others:  Such considerations indicate 
that  in  general  the  absorption  should  increase  for  shorter  wave, 
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lengths rather than decrease as shown in Fig.  1.  Hence, in view of 
the fact that low potentials only were used to obtain this curve, it 
became desirable  to  find out  whether the  same  relations  held  for 
high potential gradients. 
For the problem of the physiological effect of high frequency fields 
there are two general possibilities to be considered.  One is a  specific 
action on the chemical complex and the other one is a secondary effect 
due to the production of heat.  The latter is unavoidably present and 
might conceivably mask the former factor.  There is also the possi- 
bility of differential dissipation of energy (such as heat) due to  the 
chemical and structural characteristics of the cells and tissue.  In his 
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of the treated tissue revealed general necrosis, the tumor cells being 
affected most  with  their nuclei  "bearing the  brunt  of the  attack." 
However,  the  tissue  was  exposed  to  field  intensities  incomparably 
greater than those used in all reported work on the thermal effects in 
normal tissue, as just  reviewed above.  It is obvious that any work 
toward  the  solution  of the  problem  should  involve  field intensities 
(potential  gradients)  of  the  same  order  as  those  that  have  proven 
successful in treatment, and that, as a  matter of practical procedure, 
the  thermal  effects as  a  function  of  potential  gradient,  frequency, 
specific  chemical  constitution  and  structure  (cellular structure and 
colloidal structure)  should be investigated first.  Accordingly, when 
the author returned to Beloit College, he set up apparatus to get some 
preliminary information on absorption in such media. 
Experimental Procedure 
The essential requirements of an apparatus for this purpose are the 
following: 
It should be sufficiently sensitive that only an insignificant tempera- 
ture interval would be crossed and that at least 10 to 20 observations 
per hour  could  be  taken.  These points  are  very important  in  the 
case of emulsions which separate on heating and are always significant 
because the absorption characteristics change rapidly with tempera- 
ture.  Potential measurement is more important than  current meas- 
surement because  the  field intensity is the vital factor.  To obtain 
high potential gradients  and  also  to  fulfill the  above  requirements, 
only a  small amount of material should be necessary. 
These requirements were partially satisfied by a modification  of a differential 
air thermometer described  by Owens.  ~  This  was arranged to give the relative 
rates of rise of temperature of liquids  contained in a small mica cell placed in an 
intense electrostatic field.  The voltage on one of the condenser plates was meas- 
ured by means of an electroscope.  An auxiliary heating device operated by 60 
cycle current was used to standardize all rates of rise of temperature measurements. 
The latter were obtained by taking the time necessary for the light beam to move a 
specific distance on the scale as measured with a stop watch.  The instrument 
was carefully checked and found to have a straight line characteristic and to give 
fairly consistent readings.  The condenser was connected in an auxiliary circuit 
which was tuned to a "driver" circuit.  The latter was operated with a D.C. plate 
supply.  It is to be noted that this differs not only from the experimental work .o 
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reviewed above but also from all available diathermy technic because the D.C. 
plate supply and a vacuum tube oscillator produce a continuous train of oscilla- 
tions of constant amplitude instead of a series of damped wave trains. 
1LESULTS 
The  data  obtained  with  four  concentrations  (•/40,  ~/20,  M,  and  2M) 
of saline  solution are shown in Fig. 2, for the  3  meter  wave- 
length, at a  voltage of 135  per millimeter.  The data for the  ~/20 
solution are given completely in Fig. 3 to show how the curve in Fig. 2 
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was  obtained.  The  ordinates  are  the  rate  of  rise  of temperature 
and  these  values  are  plotted  with  the  square  of  the  voltage  as 
abscissae.  It is  apparent that the resulting line is  straight for the 
voltages investigated.  The  line,  as  corrected with  the  calibrating 
device, is the one drawn without any points indicated.  The 3 meter 
points (in circles) were taken first, the 6 meter points next, and then 
the circuits were tuned to 3 meters and a few more points (crosses) were 
obtained for the 3 meter line.  This gave a check on the observations 
and showed that the absorption values were constant for each particu- 
lar  frequency and  voltage.  A  curve  for  the frequency relation  is 12 
shown in Fig. 4.  Some work on saturation effects in electrolytes has 
been  reported  8 and  further work  along  this  line  may yield  useful 
physiological information, as  well as  information on  the nature~of 
solution. 
Distilled  water  gave values  slightly  lower  than  the  M/40  NaCI 
solution, and as observations were made, the values were always found 
to be falling.  From the data obtained, three series of observations on 
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each of two samples, it was found that the values always dropped about 
40 per cent and thereafter remained approximately constant.  At no 
time, however, were observations obtained that were as consistent as 
those found for the saline solutions,  the latter of which  showed no 
drop on exposure.  The frequency curve for several voltages is shown 
in Fig. 5.  It is noteworthy that this information, taken from graphs 
similar to that given for the saline solution  (Fig. 4), agrees qualita- 
tively  with  that  obtained  previously  (Fig.  1)  with  low  potential 644  HEATING  OF  SIMPLE  SOLUTIONS  AND  EMULSIONS 
gradients  (2 to 4 volts per millimeter)  if the first exposures only are 
considered. 
The case of the emulsion is the most significant for the physiological 
problem.  Cottonseed oil was adjusted to the same density as the  1 
per cent sodium oleate solution by the addition of approximately one 
part of the carbon tetrachloride to five parts of cottonseed oil.*  The 
solution was added to the sodium oleate solution in small portions with 
shaking after each addition.  All emulsions, except No. 3, were made 
with equal amounts of oil and water phases.  This gives an excellent 
emulsion; its degree of permanence depending on the accuracy of the 
adjustment of the density of the oil phase at the particular tempera- 
TABLE  I 
3M  000  ×  106 cycles per  second), 67  volts per millimeter 
Emulsloa No. 
1 
1 
3 
Cottonseed oil 
"  CC14 
1% Sodium oleate 
Relative values of absorption 
1st run 
14 
13 
8.3 
1.7 
1.9 
3.1 
2nd run (24 hours later) 
3 
3.2 
8.3 
ture at which it is to be kept.  The average diameter of the droplets 
was  0.056  ram.  Such  an  emulsion  will  slowly separate  under  the 
slight heating and cooling in the high frequency field and so successive 
readings will show a  decrease.  However, sufficient data  can be ob- 
tained before this factor becomes serious. 
Determinations were made on the cottonseed oil and the cottonseed 
oil carbon tetrachloride solution, the 1 per cent sodium oleate solution, 
and  the  emulsions.  A  great  difference  between  the  values  of  the 
components and the emulsions was found in every case (see Table I). 
In view of the high values obtained for the emulsions, the high values 
for the  1 per cent sodium oleate may be said to be due to its colloidal 
state. 
* The author is indebted to Mr. E. W. Toepfer for suggesting this emulsion. W.  H.  MARSHALL  645 
The emulsions slowly separated under exposure and it is significant 
that the drop in energy  loss is much greater than that found for water. 
For instance, the first exposures at 3 meters on one sample dropped 
from 14 units to 3.0 units, another from 13 to 3.2.  In both cases the 
second observations were taken 24 hours after the first.  The state of 
the emulsions cannot be accurately compared but it would appear 
that  this  demonstrates the importance of the colloidal state.  The 
emulsions never completely  coagulated, the upper layer always became 
a  "thin" emulsion of water in oil and similarly the lower layer always 
remained oil in water with the oil-water ratio much decreased. 
Emulsion 3, was the only emulsion used in which the amounts of 
water and oil were not equal.  In the preparation of this sample, too 
much carbon tetrachloride was added to the oil, so that, on standing, 
the oil settled.  However, it remained in the disperse state and the final 
result was that most of the water  (approximately ~)  was removed 
from the spaces between the oil droplets.  The rate of temperature 
rise in this emulsion was considerably lower than the two  samples of 
Emulsion 1, but the coagulation effect due to settling out could not 
proceed to a degree comparable with that of Emulsion 1 and the drop 
of absorption was negligible. 
While these data indicate a significant increase of loss in the case of 
colloids, these results are merely preliminary and should be established 
for other emulsions.  However, it has long been known that impure 
dielectrics give high values of power  factor on much longer wave- 
lengths,  as measured with bridge  arrangements.  These data show 
that at the potential gradients Schereschewsky used on pathological 
tissue,  the  higher  values  of  frequency should  be  investigated  for 
physiological effects.  In the case of  living tissue it is evident that 
differential dissipation of energy (as heat) in the cell and between cells 
of different characteristics is  to  be  expected on  a  basis  of specific 
chemical composition  and  colloidal organization  as well  as  cellular 
structure. 
SUMMAI~Y 
1.  It is shown that the absorption in liquid dielectrics is a function 
of potential gradient  (field intensity)  as well as frequency and that for 
values of potential gradient above, at least 70 volts per millimeter, 646  HEATING  OF SIMPLE  SOLUTIONS  AND  EMULSIONS 
the rate of rise of temperature-frequency curve increases rapidly with 
frequency. 
2.  The presence of ions in measurable quantity considerably changes 
the absorption  characteristics and  apparently  causes the values to 
remain constant, whereas the values for water drop about 40 per cent, 
during  exposure.  The  absorption  also  changes  rapidly  with  the 
concentration of the electrolyte. 
3.  Very high absorption values are found for an emulsion of cotton- 
seed oil in 1 per cent sodium oleate.  It is shown that the absorption is 
due to the colloidal structure (with the possibility that the energy is 
dissipated at the phase boundaries). 
In conclusion the author takes great pleasure in thanking Professor 
V. A. Suydam of Beloit College and Dr. J. Barton Hoag of the Uni- 
versity of  Chicago  for  their  continued advice and  encouragement 
during the work. 
BIBLIOGRAPHY 
1.  Gosset, A.,  Gutmann,  A.,  Lakhovsky, G.,  and Magrou, I., Compt. rend. Soc. 
3iol., 1924, 91~ 626. 
2.  Schereschewsky,  J. W., Pub. Health Rep., 1926, 41~ 1939. 
3.  Schereschewsky,  J. W., Pub. Health Rep.,  1928, 43, 927. 
4.  Christie, R. V., and Loomis, H. L., J. Exp. Med., 1929,49,303. 
5.  Kahler, H., Chalkley, H. W., and Voegtlin,  Carl, Pub. Health Rep., 1929, 44, 
339. 
6.  Richardson, D. E., Physic. Rev., 1930, 35, 297. 
7.  Owen, G. E., Physic. Rev., 1929, 34~ 1035. 
8.  Debye, P., Polar molecules,  Chemical  Catalog  Co.,  New York,  1st  edition, 
1929. 